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Abstract

Acute type A aortic dissection is a life-threatening condition requiring emergency surgery
and complex postoperative management. Although survival rates have improved, many
patients experience long-term functional impairments, reduced quality of life, and an ele-
vated risk of complications. Despite strong evidence supporting cardiac rehabilitation in
other cardiovascular populations, structured programs remain underutilized in patients
with surgically resolved acute type A aortic dissection. Exercise-based cardiac rehabilitation
appears feasible and can be delivered safely in carefully selected patients when appropri-
ately adapted to individual needs and conducted under close supervision. Postoperative
patients are often physically deconditioned, prone to hospital-acquired disability, and may
misjudge exercise intensity. Therefore, individualized exercise prescription, guided by
exercise testing when available, is important to support safe training thresholds. Early and
gradual introduction of physical activity may help prevent complications associated with
immobility, support blood pressure control, and contribute to improvements in functional
capacity. However, training volume should be purposefully lower than in conventional
program settings to reduce hemodynamic stress. Education on safe exercise parameters
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and self-monitoring plays a central role in enabling long-term adherence and promoting
patient autonomy. Cardiac rehabilitation programs should incorporate dietary, nutritional,
and psychological support. Although evidence specific to this patient population remains
limited, available data suggest the feasibility and potential benefits of cardiac rehabilitation
when delivered with appropriate precautions. Our review underscores the need for a
tailored, multidisciplinary CR approach aimed at enhancing physical recovery, supporting
cardiovascular stability, and improving overall quality of life in patients following surgery.
Further research is required to define optimal program protocols.

Keywords: cardiac rehabilitation; Type A aortic dissection; transthoracic echocardiography;
transesophageal echocardiography; cardiovascular computed tomography; aerobic exercise
training; resistance exercise training

1. Introduction

Aortic dissection is a cardiac emergency with a high mortality rate of up to 90% [1]
in the absence of prompt diagnosis and rapid surgical management. Acute Type A aortic
dissection (ATAAD) may involve any portion of the ascending aorta, frequently involving
the proximal segments of the left subclavian artery [2]. Despite technological advances and
the widespread use of cardiac computed tomography in patients with a suggestive clinical
picture [3], epidemiologic studies report an initial mortality of 40%, which subsequently
increases progressively by 1% per hour. The first case of aortic dissection was reported
during the autopsy of King George Il in 1760 [4]. Since then, the development of diagnostic
methods has been associated with improved survival rates, which remain around 50% on
the third day for cases not surgically treated [5]. In the case of 30-day mortality no sex
differences were reported [6]. The estimated incidence is 2—4 cases per 100,000/ year [7].
Type A dissection is twice as common in men, frequently occurring in the sixth decade
of life. Risk factors are varied, with hypertension (around 75% of cases) [7], Marfan’s
syndrome or other connective tissue disorders, and pre-existing aneurysms being the most
frequently implicated entities, also associated with a younger age at onset [8]. Not only
comorbidities are associated with type A aortic dissection, cardiac catheterization and
cardiac surgery are also implicated.

Recent epidemiologic studies have highlighted additional factors such as pregnancy
(4-fold increased risk) [9], bicuspid valve (8-fold increased risk) [10,11], familial thoracic
aortic aneurysm in dissection syndrome [12] or cocaine/methamphetamine use. In addition
to the aforementioned entities, weight lifting or traumatic cardiac deceleration or torsion in
association with aortic coarctation are predisposing conditions leading to the occurrence
of dissection [12]. The clinical picture is diverse considering the emerging arteries. The
propagation of proximal dissection is often accompanied by acute aortic regurgitation,
tamponade or myocardial infarction, while the extension to the emerging branches leads
to the appearance of neurologic phenomena or the clinical picture associated with mesen-
teric or renal ischemia such as acute limb ischemia [13-15]. Management is centered on
life-saving surgery, leading to a significant reduction in the risk of death at 30 days from
90% to 20% [16]. Along with intervention, the control and treatment of predisposing factors
have long-term therapeutic and prognostic implications in this category of patients [17,18].
In addition to acute treatment, cardiac rehabilitation (CR) has the potential to contribute to
functional recovery and to be associated with improved quality of life [7]. Evidence sup-
porting these potential benefits derives mainly from small clinical trials and observational
studies, while high-quality randomized controlled data remain limited. This limitation
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underscores the rationale for encouraging referral of patients with aortic dissection to
specialized centers with expertise in tailored cardiac rehabilitation programs [19]. The
available observational and prospective studies, together with narrative reviews, suggest
that cardiac rehabilitation in this population may be feasible and generally well tolerated;
however, these findings should be interpreted with caution and reinforce the need for
larger, methodologically robust studies [20-22].

According to available expert reviews and commentaries informed by registry data,
physical training in these patients has been associated with improvements in functional
capacity, blood pressure control, cardiovascular risk profile, muscular endurance, and
tolerance to parietal stress [23,24]. Taking into account the limited recommendations
provided by current clinical guidelines of the relevant societies, our article aims highlight
the potential importance and benefits of cardiac rehabilitation in patients with ATAAD
surgically resolved. Multidisciplinary approach involving both physical training (adapted
to each phase of the program) [25], management of associated factors and psychosocial
counseling has an important prognostic role in the long term, decreasing morbidity and
mortality of these patients.

2. Type A Aortic Dissection: Diagnosis and Treatment

Aortic dissection (AD) is a surgical emergency caused by an intimal tear that allows
blood to enter the tunica media, leading to separation of vessel wall layers [26]. AD belongs
to the group of acute aortic syndromes, which include penetrating aortic ulcer, intramural
hematoma [27], aortitis, and endoluminal thrombosis. These are life-threatening conditions
that share similar clinical features [28].

According to the Stanford classification, ATAAD involves the ascending aorta (prox-
imal to the brachiocephalic artery), regardless of the site of the primary tear. It can also
be classified as DeBakey type I/type 1I, depending on the distal extent of dissection [2].
The most recent classifications approved by the European Association for Cardio-Thoracic
Surgery (EACTS) characterize AD based on the location of the primary tear, the extent
of EAthe false lumen, and the presence of malperfusion. This is referred to as the TEM
(Type-Entry-Malperfusion) classification in the EACTS/STS 2024 guidelines [29]. The goal
of this new system is to provide a standardized nomenclature for AD to guide diagnosis
and treatment [29].

The symptoms of ATAAD are variable and nonspecific, making differential diag-
nosis with other acute cardiac conditions challenging. In more than 90% of cases, the
initial symptom is sudden chest pain. Depending on its location and extent, ATAAD
may also present with acute stroke, paraplegia, abdominal pain, renal failure, or lower
limb ischemia. From a hemodynamic perspective, patients with ATAAD typically present
normotensive/hypotensive, often with tachycardia. Hypotension may indicate aortic rup-
ture, cardiac tamponade, myocardial infarction, or acute heart failure secondary to aortic
regurgitation (AR) [30]. Physical examination may reveal widened pulse pressure or an AR
murmur, and up to 30% of patients may exhibit a pulse deficit. Left-sided pleural effusion
is common in ATAAD, whereas acute hemothorax suggests impending rupture [31].
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Medical therapy is critical for initial stabilization and should aim to reduce exces-
sive shear stress on the dissected layers, thereby limiting propagation of the false lumen
and preventing worsening of complications such as severe AR, hypotension, and cardiac
tamponade [32]. Management of blood pressure and heart rate may include intravenous
[3-blockers such as esmolol, metoprolol, or labetalol, and intravenous vasodilators such as
sodium nitroprusside, nicardipine, or clevidipine, but the latter should always be combined
with a 3-blocker to prevent reflex tachycardia. Intravenous morphine is the analgesic of
choice, providing both pain relief and venodilation.

Diagnostic evaluation includes chest X-ray (CXR), electrocardiogram (ECG), and labo-
ratory tests to rule out other causes of chest pain [33]. Measurement of D-dimer may be
useful in emergency settings; Yao et al. demonstrated that a D-dimer level > 500 ng/mL
increases the likelihood of identifying suspected acute AD [34]. CXR helps assess aortic
size and contour abnormalities (such as the loss of aortic knob), identify pleural effusion
or pneumothorax, and provide information on lung structure and the mediastinum in
patients undergoing cardiac surgery [35]. ECG may be useful for excluding other causes
of chest pain. Transthoracic echocardiography (TTE) represents a valuable initial bedside
tool, particularly in hemodynamically unstable patients or when a rapid assessment of
complications is required. It provides preoperative anatomic information on the ascending
aorta, aortic arch, the presence and location of intimal flaps, valve involvement, degree
of AR, left ventricular function, and cardiac tamponade [36]. Transesophageal echocar-
diography is essential intraoperatively to assess aortic valve anatomy and function and
to guide both surgical and endovascular repair by evaluating true and false lumens be-
fore and after intervention. However, cardiovascular computed tomography angiography
(CTA), preferably ECG-gated—owing to its rapid acquisition, wide availability, and high
reproducibility—is the most accurate modality for diagnosis, prognostic assessment, and
surgical planning in ATAAD and it is considered the first-line imaging modality in most
centers for the definitive diagnosis of acute aortic dissection in hemodynamically stable
patients. ECG-gated CTA of the entire aorta is regarded as the reference imaging modality
for suspected aortic dissection, owing to its very high sensitivity and specificity, typically
reported in the high 90% range in contemporary studies, and should be performed as soon
as possible to localize the entry tear, assess the extent of dissection and malperfusion [37],
and enable a tailored surgical approach.

Early surgical repair—ideally within the first 48 h after symptom onset—is lifesaving.
According to data from the International Registry of Acute Aortic Dissection (IRAD), pa-
tients treated medically have a mortality rate of 23.7% (0.5% per hour), compared with 4.4%
(0.09% per hour) in those undergoing surgery [38]. Surgery is the standard of care for this
condition, although exceptions may exist, such as patients at extreme risk who are not can-
didates for surgery, or type B dissections, which may be managed endovascularly [39,40].
The surgical strategy depends on the extent of involvement of the aortic root; procedures
may include aortic valve replacement or valve-sparing techniques. When the dissection
extends to the supra-aortic vessels (SAV) and the aortic arch, the preferred approach is the
frozen elephant trunk (FET) technique for arch replacement and SAV reimplantation [29]
(Figure 1). Mortality risk depends on multiple factors and ranges from 5% to 75% [41]. Ac-
cording to the GERAADA (German Registry of Acute Aortic Dissection Type A) score, key
predictors of 30-day postoperative mortality include age, sex, preoperative resuscitation,
prior cardiac surgery, intubation or catecholamine use at admission, AR, malperfusion,
neurological status, and extent of dissection [42].

https://doi.org/10.3390 /jcm15072749


https://doi.org/10.3390/jcm15072749

J. Clin. Med. 2026, 15, 2749

50f 20

Figure 1. (A) TTE, parasternal long-axis view showing the presence of an intimal flap in the ascending
aorta (arrow) and the correct anatomical conformation of the aortic root. (B) Intraoperative supraster-
nal section of the aortic arch showing an intimal dissection flap and the passage of the guidewire in
the aortic arch (arrow) for the correct hybrid (endovascular/surgical) positioning of the prosthesis
in the true lumen. (C) Intraoperative TEE, in short axis view of the aorta, revealing a double lumen
in the descending aorta and the presence of the intimal flap (arrow). (D) Color Doppler ultrasound
of the SAV showing evidence of dissection extending to the carotid artery (arrow). (E) CTA-3D
reconstruction of an aortic dissection extending from the aortic root to the abdominal aorta, involving
the SAV; the arrow indicates the extension of the true lumen in the small curvature of the aortic
arch. (F) 3D CTA reconstruction after surgical repair of the ascending aorta and aortic arch using the
FET technique and hybrid prosthesis, necessary to assess the correct functioning and positioning of
the prosthesis.

3. Management After Cardiac Surgery (Post-Operative Period)

While prompt diagnosis and acute surgical management are essential to ensure sur-
vival in patients with ATAAD, they also mark the beginning of a complex postoperative
phase. Clinical features identified during the acute stage—such as surgical technique, resid-
ual aortic disease, and early complications—have important implications for subsequent
management and recovery. Optimal postoperative treatment requires careful monitoring
of hemodynamic parameters and respiratory function. In the immediate postoperative
period, optimization of inotropic support should be undertaken as needed, and, following
extubation, individualized medical therapy should be initiated according to the patient’s
clinical profile [43].

Imaging plays a crucial role not only intraoperatively, but also in the early postopera-
tive phase, and throughout long-term follow-up, and includes assessment by TTE, CXR, and
CTA. Postoperative TTE enables monitoring of ventricular function, evaluation of proper
positioning of the prosthetic graft and/or aortic prosthesis, assessment of aortic valve func-
tion, and estimation of aortic remodeling and hemodynamic status, including monitoring
of volume overload or depletion [44]. TTE is also valuable for detecting post-cardiotomy
pericardial effusion and for pulmonary evaluation, allowing estimation of pleural effusion,
pneumothorax, or regions of ventilation impairment. Following ATAAD surgery, patients
may experience complications related to anesthesia, mechanical ventilation, prolonged
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cardiopulmonary bypass relative to other cardiac procedures, and postoperative pain from
surgical wounds. These factors can lead to loss of cognitive and physical function, muscle
wasting, and reduced pulmonary capacity. Physical inactivity during the recovery phase
often results in prolonged intensive care unit (ICU) stays, which are themselves associated
with worse clinical outcomes.

CR is a medically supervised, guideline-recommended Class IA cornerstone of sec-
ondary prevention for patients with cardiovascular disease [45], improving functional
capacity, endothelial function, musculoskeletal performance, and quality of life and reduc-
ing mortality and hospital readmissions [46]. Within this framework, early mobilization
is essential to mitigate ICU-acquired weakness. To be effective, it must be tailored to the
individual patient’s functional capacity and performed under close monitoring of vital
parameters, as patients in intensive care may experience abrupt hemodynamic changes [47].
Mobilization should begin with passive techniques such as stretching, splinting, passive
joint movements, and neuromuscular electrical stimulation (NMES), alongside inspiratory
muscle training [48]. Passive mobilization and NMES are typically implemented in intu-
bated patients on mechanical ventilation, high-risk patients with hemodynamic instability,
or those with impaired consciousness. In contrast, assisted joint exercises, inspiratory mus-
cle training, and resistance activities are indicated for patients with adequate cognitive and
physical status. Several preliminary studies have demonstrated superior outcomes when
activity is initiated early [49]. As soon as chest drains are removed, inspiratory muscle train-
ing is recommended to enhance pulmonary function, facilitate expectoration and bronchial
secretions clearance, and restore lung capacity following mechanical ventilation [50]. To
minimize adverse events, a multidisciplinary approach involving a team of specialists
and a personalized rehabilitation program tailored to the patient’s functional status are
essential [51]. Upon discharge from the ICU and transfer to the ward, active mobilization
and ambulation should be progressively encouraged, beginning with short walks of a
few minutes that are gradually increased in duration and intensity. Early rehabilitation
programs must be individualized, taking into account each patient’s functional abilities and
recovery trajectory. Although several position papers and observational studies suggest
that cardiac rehabilitation after aortic surgery can be safe in carefully selected patients,
clear and standardized criteria for postoperative risk stratification and CR referral are still
lacking. This underscores the need for pragmatic tools that translate the available evidence
into clinically usable frameworks, while awaiting prospective validation. Accordingly,
Table 1 presents a proposed checklist for aorta-specific postoperative risk stratification
and cardiac rehabilitation planning. This checklist is intended as an evidence-aligned
clinical support tool rather than validated guideline-level criteria. Individualized clini-
cal assessment remains essential, and further prospective studies are needed to establish
standardized risk stratification and rehabilitation pathways after aortic surgery.

Table 1. Proposed aorta-specific checklist for postoperative risk stratification and cardiac rehabilita-
tion referral, timing, and training modification after aortic surgery.

Type/complexity of surgery and postoperative course

Aorta-specific and

. Absence of unresolved aortic complications
surgical factors

Stability of repair on imaging

Absence of major postoperative complication

Hemodynamic

and clinical stability No uncontrolled arrhythmias, ischemia, HF, infection

Resting and exertional BP control
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Table 1. Cont.

Cognitive status, adherence, motivation

Comorbidities (especially connective tissue disorders)

Patient-related factors . .
and concomitant therapies

Frailty and deconditioning

Baseline functional capacity

Functional and Hemodynamic and symptom response to exertion
exercise-related assessment

Exercise-limiting factors (dyspnea, fatigue, abnormal
BP response)

Low-intensity exercise (below VT1)

Training principles Focus on aerobic, light resistance if included
once CR is initiated

Avoid Valsalva, isometric strain, and sudden
high-intensity exertion

Uncontrolled hypertension

Factors warranting deferral Persistent postoperative complications

or modification Marked frailty or deconditioning

Inability to ensure close supervision
HE heart failure; BP, blood pressure; VT1, first ventilatory threshold.

4. Cardiac Rehabilitation

Although advances in diagnosis and treatment have improved survival in ATAAD,
mid-term outcomes remain poor due to ongoing aortic dilation and persistent wall
stress [52]. Exercise training, a cornerstone of CR, is well recognized for its broad benefits
across various cardiovascular diseases, including improved blood pressure control, better
risk factor management, slowed progression of atherosclerosis, enhanced quality of life,
and improved long-term outcomes [53]. However, its role in aortic dissection remains
uncertain. Concerns persist about the potential for exercise-induced blood pressure spikes
to increase aortic wall stress, yet prolonged inactivity may also be harmful, contributing to
vascular dysfunction and increased cardiovascular risk [19].

Structured exercise programs are rarely implemented after ATAAD repair reflecting
both the limited available evidence and the absence of clear guidance regarding optimal
timing, intensity, and modalities of rehabilitation [53]. Although the European Society
of Cardiology encourages leisure-time physical activity in patients with aortic disease,
favoring dynamic over static exercise, it does not specifically define the role of CR in this
population. Evidence supporting cardiac rehabilitation after ATAAD repair is mainly
derived from small, observational, and often single-center studies, with heterogeneous
populations, interventions, and outcome measures. Sample sizes are limited, follow-up
is variable, and selection bias cannot be excluded, while randomized controlled trials are
currently lacking. As a result, current recommendations rely mainly on observational
evidence, expert consensus, and guideline-based principles, often extrapolated from other
cardiovascular populations. Although no formal systematic search or evidence grading was
performed, the available literature informing this narrative review is summarized in Table 2,
based on a targeted appraisal of studies on exercise training and cardiac rehabilitation after
acute aortic dis-section. The table outlines the principal studies underpinning the present
discussion, indicating that current evidence is largely derived from small observational
cohorts and ex-pert recommendations. While these data support the feasibility and safety
of carefully supervised cardiac rehabilitation in selected patients, they also highlight the
need for larger, prospectively designed real-world studies.
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CR should be regarded as an integral component of post-operative care and initiated
as early as clinically appropriate in close collaboration with the surgical team, once clinical
stability and hemodynamic compensation are achieved. Therefore, exercise prescriptions
should be carefully tailored to each patient’s aortic anatomy, clinical history, and physi-
cal capacity [54] and timing should be individualized based on surgical complexity and
residual aortic disease. Exercise prescription should be delivered within a coordinated
multidisciplinary cardiac rehabilitation model. Although the distribution of responsibilities
may vary according to local resources [55], international standards consistently identify
exercise prescription as a medical act, with day-to-day supervision delegated to profession-
als trained in therapeutic exercise. This multidisciplinary model is consistent with cardiac
rehabilitation guidelines and implementation studies, which emphasize the importance of
role clarity and coordinated team-based care in minimizing risk and optimizing clinical
outcomes [56-58].

The rehabilitation physician plays a central role in the initial assessment and individu-
alized planning, accounting for surgical sequelae, baseline functional status, and relevant
musculoskeletal or neurological comorbidities to appropriately tailor exercise modality
and progression [59,60]. In patients with residual aortic disease (e.g., patent false lumen or
progressive dilation), exercise intensity should be advanced cautiously with strict blood
pressure control and avoidance of high-intensity activities. Surgical complexity and under-
lying connective tissue disorders further justify a conservative, individualized approach
with lower hemodynamic thresholds and long-term surveillance.

Exercise-based CR (ECR) is known to improve blood pressure control, though this
benefit is not yet fully confirmed in post-aortic dissection patients. Potential mechanisms
include favorable autonomic modulation, reduced sympathetic activity, and improved
vascular function, which, together with gains in fitness and weight control [61,62], may
enhance antihypertensive effects alongside medical therapy [63]. Strict resting blood
pressure control (<130/80 mmHg) remains a key clinical goal and should be regularly
monitored. B-blockers are first-line agents to reduce heart rate, systolic pressure, and aortic
wall stress, while additional therapies (vasodilators, ACE inhibitors, ARBs, and statins) may
support vascular protection when appropriately combined [64]. Fixed-dose combinations
may help improve long-term adherence [65].

Rehabilitation may support the recovery of confidence and daily functioning after
ATAAD, facilitating return to work, social activities, and intimate life, particularly in
younger patients [66]. Given the high rates of anxiety and depression in this population,
potentially higher than in other cardiac conditions, psychological support should be a core
component of rehabilitation. Although a direct link with outcomes has not been confirmed,
depression is known to worsen prognosis in cardiovascular patients, and over half of
inactive ATAAD survivors report new-onset depression [67]. Psychological assessment
and support should be integral to cardiac rehabilitation, with early and repeated screening
using validated tools such as the Patient Health Questionnaire-9 (PHQ-9) for depressive
symptoms and the Generalized Anxiety Disorder-7 (GAD-7) for anxiety, or comparable
standardized tools, according to the recent Clinical Consensus Statement on mental health
and cardiovascular disease [68], and referral to specialized care when needed.

Incorporating mild aerobic exercise may benefit both mental and physical health,
while effective weight management requires an integrated approach combining physical
activity with nutritional and psychological support [69].
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Table 2. Comprehensive summary of studies on exercise training and cardiac rehabilitation after
acute aortic dissection present in the literature.

Study Design Main Outcomes Key Concepts
. Early low-intensity,
Zhou et al. [19] (Or:tiizvfézr;ael) Functional capacity BP-controlled; CR
P feasible.
Observational . . VO, peak .?nd oxygen
Delsart et al. [21] (prospective) Functional capacity pulse predict events;
Prosp CR feasible.
Post-operative CPET
Observational Functional capacity; supports risk
Norton et al. [22] (prospective) quality-of-life assessment; CR

feasible
Practical BP-controlled,
Chaddha et al. [23] Expert opinion recommendations for  individualized
exercise exercise.
CR feasible in stable
. . . patients;
Feng et al. [52] Scoping review Evidence for ECR CPET-informed

exercise prescription.

Van Iterson et al. [63]

Narrative review

Practical guidance

Low-intensity (<VT1),
individualized,
supervised exercise.

Consensus Practical CR recognized as a
Schwaab et al. [66] recommendations recommendations for  key component of
exercise functional recovery.
Resistance training at
Fuglsang et al. [69] Observational Functional capacity; light intensity
glsang ' (retrospective) quality-of-life combined with
aerobic exercise.
Hornsby et al. [70] Observational Functional capacity, g}:f\:g&;iig d
y ’ (retrospective) CPET safe

exercise prescription.

BP, blood pressure; CPET, cardiopulmonary exercise testing; CR, cardiac rehabilitation; ECR, Exercise-based
cardiac rehabilitation; VO,, oxygen uptake. VT1, first ventilatory threshold.

4.1. Aerobic Exercise Training

Following aortic dissection, many patients significantly reduce their physical activity,

not due to physical limitations, but fear of recurrence, which may lead to worsened cardio-
vascular health, elevated resting blood pressure, and psychological distress [67]. However,
the currently available data suggest that ECR may be feasible and generally well tolerated
in carefully selected, clinically stable patients, with no serious adverse events reported in
the published studies [52]. Limited observational data indicate that programs integrating
aerobic, resistance, and flexibility training, particularly when individualized and guided
by maximal or symptom-limited exercise testing, may be associated with improvements
in peak oxygen consumption (VO, peak), exercise capacity, resting blood pressure, and
health-related quality of life [69].
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Tolerance to ECR appears to be generally favorable, with observational studies re-
porting increases in peak oxygen consumption in the range of approximately 22-46% and
a return to work in more than half of working-age participants [66]. However, evidence
remains limited, highlighting the need for standardized, disease-specific rehabilitation
protocols. Current guidelines highlight the importance of defining safe exercise thresh-
olds, recommending baseline stress testing with continuous blood pressure monitoring,
preferably at low intensity due to high interindividual variability in hemodynamic re-
sponses [54,71]. Cardiopulmonary exercise testing (CPET) appears to be safe in carefully
selected, clinically stable patients receiving beta-blockers and with well-controlled BP [72].
It may provide useful information on exercise tolerance and functional capacity and could
help inform individualized exercise prescription and risk assessment [70]. Notably, in
one cohort, peak oxygen pulse and oxygen uptake emerged as independent predictors of
future aortic events and major cardiovascular events not directly related to the aorta [21].
CPET also supports the development of tailored exercise prescriptions [52], especially when
training zones are defined using ventilatory thresholds (the first and second ventilatory
thresholds, VT1 and VT2). A cautious approach involves a minimum 3 min unloaded
warm-up to reduce anxiety and stabilize cardiovascular responses. Training should start
with several weeks of low-intensity exercise below the first ventilatory threshold (VT1) to
ensure safety and tolerability [63]. During testing, systolic blood pressure should be kept
below 160 mmHg to minimize risk [66].

During aerobic exercise, systolic blood pressure (SBP) typically rises by 8-12 mmHg
per 1 Metabolic Equivalent (MET), regardless of baseline BP, while diastolic pressure
changes minimally. In patients with aortic dissection or aneurysm, this SBP rise can place
additional stress on the aortic wall, increasing the risk of complications. As a result, high-
intensity or strenuous activities (e.g., sprinting, heavy lifting, or resistance training to
fatigue) should be avoided. During exercise, aerobic training should be prescribed to limit
excessive systolic blood pressure responses, with SBP generally kept below 180 mmHg—or
under 160 mmHg in higher-risk patients and during early post-operative phases. However,
it should be acknowledged that the proposed SBP limits are based on expert opinion and
clinical practice considerations, rather than on validated outcome-based thresholds as no
SBP cut-offs have been formally established to predict outcomes post-ATAAD repair. In this
context, minimizing excessive blood pressure elevations and limiting BP variability—rather
than relying on rigid absolute thresholds—remains a key clinical goal [64]. Accordingly,
SBP cut-off values should be interpreted within the broader clinical and hemodynamic
context and individualized to patient risk rather than applied rigidly.

Exercise should follow the FITT principle (Frequency, Intensity, Time, Type) [53], with
training volume optimized by increasing frequency and duration, thereby maximizing
benefits while maintaining low intensity to minimize rises in blood pressure [19]. In
observational cohorts of clinically stable ATAAD survivors, structured cardiac rehabilitation
programs have generally adopted low-to-moderate exercise intensities, typically in the
range of 3-5 METs, corresponding to a Rating of Perceived Exertion (RPE) of 12-13 on the
Borg Scale, delivered for approximately 30 min on most days, totaling 150 min weekly
with careful blood pressure monitoring during exercise sessions. Suitable activities may
include brisk walking, slow jogging, or easy cycling. These approaches have been reported
as feasible and well tolerated, although they derive from non-randomized studies and
should be interpreted within the context of individualized clinical assessment. Continuous
BP monitoring during sessions is essential to ensure safety [67] (Figure 2).
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Figure 2. Example of an aerobic training program in acute type A aortic dissection patients surgically
resolved based on observational cohorts of clinically stable ATAAD survivors.

4.2. Resistance Exercise Training

The survivors following acute type A aortic dissection tend to be younger and more
physically active, rendering physical limitations particularly disruptive to their daily
lives [69]. Low-to-moderate-intensity continuous aerobic exercise combined with low-
intensity dynamic resistance training may be considered an appropriate approach for
cardiac rehabilitation in this population when patients are clinically stable and programs
are individualized [54,64].

Resistance training is introduced in stable patients after a careful evaluation performed
during the postoperative period. Zhou et al. reported on an early postoperative cardiac re-
habilitation program initiated approximately 26.2 & 17.3 days after surgery, which included
continuous aerobic exercise and segmental muscle strengthening five days per week [19].
Importantly, this study found no significant adverse events and concluded that early initia-
tion of cardiac rehabilitation may be safe and feasible in surgically treated ATAAD patients.
Nevertheless, no definitive guidelines currently exist regarding the timing of resistance
training initiation in this context. Another study confirmed the safety and normal blood
pressure response to an afternoon resistance training session [73].

Current literature demonstrates heterogeneity in the types of exercise interventions
employed. Only a limited number of studies have explored the benefits of resistance
training through calisthenics or isolated muscle contractions involving both upper and
lower limbs in conjunction with aerobic training [19,69,74]. To date, there is no evidence
supporting the use of resistance training as a standalone intervention in this population,
and its isolated effectiveness remains uncertain.

In patients with ATAAD, the primary objective of resistance training should be to en-
hance functional capacity while minimizing cardiovascular strain particularly by avoiding
excessive elevations in blood pressure. However, evidence regarding the safest forms and
optimal intensities of resistance training for post-ATAAD patients remains limited [19].
High-intensity static exercises should be avoided, as they are known to produce acute hy-
pertensive responses without yielding long-term reductions in resting blood pressure [75].
Current recommendations suggest that resistance training should be performed at light
intensities, typically < 30—40% of the one-repetition maximum (1 RM) [19,69,74]. It has
been recommended that ATAAD patients engage in light to moderate resistance training,
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limiting loads to around 50% of body weight or using equivalent perceived exertion [69].
Subjective tools such as the Borg RPE scale are valuable for monitoring exercise intensity
during resistance training. An initial RPE range of 11-14 is recommended, corresponding
to perceived effort levels from “light” to “moderately hard” [76]. Similarly, the OMNI-RES
scale is a useful alternative, particularly for older adults, with a suggested starting intensity
of 3-6, indicating “somewhat light” to “moderately challenging” effort levels [77] (Figure 3).
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Figure 3. Example of a resistance training program in acute type A aortic dissection patients
surgically resolved.

Some studies incorporated conventional physiotherapy approaches [78], while others
included specific modalities such as respiratory muscle training [74]. Despite advancements
in surgical and anesthetic techniques, neurological complications including stroke, spinal
cord ischemia, and cognitive impairment remain a concern, affecting approximately 18% of
patients postoperatively [79]. These individuals may benefit from integrated neurorehabili-
tation strategies during the long-term recovery phase.

Patients should avoid training to volitional fatigue, terminate sets several repetitions
before failure, and refrain from using the Valsalva maneuver, as these factors can lead to
excessive increases in blood pressure [80]. For high-risk patients, exercise prescriptions
should be tailored according to individual tolerance, with careful attention to maintaining
BP within safe limits and preventing large blood pressure fluctuations. Comprehensive as-
sessments such as body composition, peripheral muscle strength, and exercise-induced BP
response can support the development of safer and more effective rehabilitation programs.
Further research is warranted to better define the safety, feasibility, and long-term benefits of
low-to-moderate intensity resistance training in patients recovering from ATAAD surgery.

5. Tailored, Multidisciplinary, and Comprehensive Management in
Clinical Practice

Expert consensus emphasizes that the primary goal of CR is to improve cardiovascular
outcomes through personalized secondary prevention. However, if ECR is not introduced
early during follow-up, many patients are never referred, missing a crucial opportunity
for recovery. Contemporary guidance highlights that cardiac rehabilitation should not be
withheld solely on the basis of high risk, and supports early, carefully individualized CR
enrollment following aortic dissection [63]. Programs should be tailored based on medical
history, disease severity, medications, functional capacity, surgical outcomes, comorbidities,
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and patient motivation, to safely guide physical activity and prevent high-risk behaviors
such as sudden, intense exertion [53,63,81,82]. Although no specific CR protocols exist for
thoracic aortic pathologies, CR may be considered an important component of the recovery
process [66].

Patients recovering from aortic dissection often experience reduced aerobic capacity
due to chronotropic incompetence and peripheral deconditioning. Fear of exertion and
unfamiliarity with structured exercise may lead to misjudging intensity, potentially leading
to unsafe exertion levels [63]. Rehabilitation should therefore begin in specialized settings
where clinicians can provide structured, progressive training. This approach not only im-
proves physical function but also helps restore patient confidence before patients transition
to self-managed activity [72]. A structured care pathway should accompany patients from
the immediate postoperative period through all phases of CR: Phase I (inpatient), Phase
II (early outpatient), and Phase III (long-term maintenance). Physical exercise should be
integrated with core components such as nutritional counseling, psychological support,
and ongoing medical supervision to ensure comprehensive and safe recovery.

After surgery for ATAAD, early rehabilitation is crucial to counter hospital-associated
disability (HAD), which results from prolonged bed rest, inflammation, and hyperme-
tabolism, all contributing to muscle loss and dysfunction. Although data on HAD in
this specific population are limited, early mobilization has been shown to improve func-
tional recovery, reduce ICU and hospital length of stay, and shorten mechanical ventilation
time. Rehabilitation may be particularly challenging in patients with complex surgeries
or delayed recovery, often linked to longer procedures and higher complication rates [83].
Despite ongoing concerns about blood pressure surges, growing evidence suggests that
early initiation of rehabilitation—within the first few days after surgery—may be feasible
and safe in carefully selected patients, including some emergency or high-risk cases, when
conducted under strict clinical supervision. Early CR has been associated with better
functional status at discharge, lower in-hospital mortality, reduced healthcare costs, and
shorter hospital stays. These findings align with broader cardiovascular literature and
suggest that early CR may represent an important component of recovery following aortic
surgery [84]. The immediate postoperative period also marks a key time for patient and
family education, including explanations of the surgical procedure, the importance of
lifestyle changes, and the role of ongoing rehabilitation.

Upon discharge, patients enter Phase II of CR, typically initiated 3 to 6 weeks after
surgery and lasting 8 to 12 weeks. This phase includes supervised, individualized exercise
training, based on a detailed assessment of cardiovascular status, surgical outcomes, and
functional capacity. Stable patients should regularly undergo individualized maximal exer-
cise testing under optimal medical therapy to tailor safe and effective exercise prescriptions.
Since heart rate and blood pressure responses can vary significantly, especially in those
taking rate-limiting or antihypertensive medications, regular assessments are essential to
refine training regimens over time. 3-blockers, a cornerstone of medical therapy in this
population, attenuate the chronotropic response to exercise, thereby limiting the reliability
of heart rate-based training targets. For this reason, alternative methods such as RPE and,
when available, ventilatory thresholds are considered more reliable tools for guiding exer-
cise intensity. A key component of this phase is educating patients on how to apply target
heart rate and workload zones specifically during aerobic training. High-risk activities,
such as exercises involving intense upper or lower body twisting and high-intensity interval
training (HIIT), must be avoided. These precautions, along with continuous professional
supervision, help ensure safety, reinforce appropriate exercise behaviors, and optimize
rehabilitation outcomes [63].
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Progression into Phase III marks the start of a long-term maintenance phase, focused
on gradually transitioning toward independent, home-based exercise. This is supported
by educational and behavioral strategies, and, when available, digital tools such as telere-
habilitation and mobile health technologies [85]. Patients should be equipped with the
knowledge and skills needed to safely continue exercising, consolidate cardiorespiratory
gains, and maintain a healthy lifestyle. Continued clinical supervision is essential, with
periodic reassessments to monitor physical condition, blood pressure, lipid profile, and
medication adherence. This phase is also key to detecting late complications and sus-
taining cardiovascular risk reduction. Patients should undergo regular follow ups every
6-12 months, including imaging surveillance (CT or MRI angiography) to monitor aortic
dimensions and graft integrity. Although imaging follow-up is routinely recommended,
its role in guiding CR decisions is not yet fully standardized. Imaging findings—such as
residual dissection, distal aortic dilation, or other high-risk features—should be carefully
considered when determining exercise intensity and tolerance thresholds and progression
between CR phases. Close collaboration between cardiologists, cardiac surgeons, and
rehabilitation teams is essential to ensure that any imaging abnormalities are appropriately
integrated into individualized exercise prescriptions and overall post-dissection manage-
ment. Medical therapy must be consistently optimized, particularly for blood pressure and
lipid control, and lifestyle measures—such as diet, physical activity, weight management,
and smoking cessation—should be reinforced throughout (Figure 4).

supervised exercise Training

%
}‘.i'.“' Exe#_'cise Training
Medical follow up
psychological support y y Ffsy:hologf.,—m support
Nutritional counselling ~L y \ ifestyle management
Medical follow up * § = .

Medical Stabilization
Initial Patient Education
Pain Management
Early Mobilization

Figure 4. Cardiac rehabilitation program in acute type A aortic dissection patients surgically resolved:
tailored assessment and management.

However, despite these promising strategies, specific studies evaluating structured CR
pathways in this population are lacking. Although systematic reviews and meta-analyses
on CR after thoracic aortic surgery have been proposed [86], robust and targeted evidence
remains scarce.

6. Conclusions

Cardiac rehabilitation represents a critical yet underutilized opportunity to improve
recovery and long-term outcomes in patients after surgical repair of acute type A aor-
tic dissection. When adapted to individual risk profiles and integrated with nutritional
counseling, psychological support, and careful hemodynamic monitoring, exercise-based

https://doi.org/10.3390/jcm15072749


https://doi.org/10.3390/jcm15072749

J. Clin. Med. 2026, 15, 2749

15 of 20

rehabilitation can be delivered safely and effectively. Early mobilization and structured
reconditioning help prevent hospital-associated disability, enhance functional status, and
promote cardiovascular stability. Despite encouraging preliminary evidence, robust data
on long-term benefits and optimal protocols are still lacking. Future research should focus
on systematically tracking outcomes in ATAAD survivors through prospective registries
and pragmatic clinical trials, aimed at evaluating the safety, feasibility, and long-term
benefits of structured cardiac rehabilitation. Developing standardized rehabilitation path-
ways that consider imaging findings, surgical techniques, and residual aortic pathology
will help tailor interventions to individual patient needs. At the same time, integrating
behavioral and psychological support can enhance adherence and maximize the benefits
of rehabilitation. Together, these efforts are crucial to establish evidence-based guidelines
and to position cardiac rehabilitation as a central component of post-dissection care. Future
studies are essential to define standardized pathways and to establish rehabilitation as a
core component of post-dissection care.
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Abbreviations

The following abbreviations are used in this manuscript:

ACE Angiotensin-converting enzyme

AD Aortic dissection

AR Aortic regurgitation

ARBs Angiotensin II receptor blockers
ATAAD Acute type A aortic dissection

BP Blood pressure

CPET Cardiopulmonary exercise testing

CR Cardiac Rehabilitation

CTA Computed Tomography Angiography
CXR Chest X-ray

EACTS The European Association for Cardio-Thoracic Surgery
ECG Electrocardiogram

ECR Exercise-based cardiac rehabilitation
FET Frozen elephant trunk

FITT Frequency Intensity Time Type
GAD-7 Generalized Anxiety Disorder-7
GERAADA  German Registry of Acute Aortic Dissection Type A
HAD Hospital-associated disability

HF Heart failure

HIT High-intensity interval training

ICU Intensive care unit
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IRAD International Registry of Acute Aortic Dissection
MET Metabolic Equivalent of Task

MRI Magnetic Resonance Imaging

NMES Neuromuscular electrical stimulation
OMNI-RES OMNI Resistance Exercise Scale
PHQ-9 Patient Health Questionnaire-9

RM Repetition maximum

RPE Rating of Perceived Exertion

SAV Supra-aortic vessel

SBP Systolic blood pressure

STS The Society of Thoracic Surgeons
TEE Transesophageal echocardiography
TEM Type-Entry-Malperfusion

TTE Transthoracic echocardiography

VO, Oxygen uptake

VT Ventilatory threshold
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